> 


A P, EM. ; 
as ar | a AG x i i» 
e E: 


2i A 
tay A“ 


— —" Week nis 


reduction of lViultiple Subsystem 


i ar as 
5) 59920004 &€* E ee 8 Ó 9? G6 sé teow E362 
a 


Muluple subsystems are represented in two 1 


"C Ways: 


t- Block diagrams H- Signal Flow €; opts (SFG). - 
Block diagrams are wally used fi or frequency domain analy ¿s ond design and SFG for s:ate 
Space analysis, 





i i 
odios Las Hu 00 O 
— | O A 1) aaa 7 PENES 4 O 
aput i | | Quri ‘ : 
| d 
Block Diagram Signal iow Graph 


i- Block Diagrams 


* ‘ine transfer function of any system can be re 


presented by the Block Diagram as shown if 
figure below. / 





Riv 





| " C(s) 
ee us) —= o 
input | Output B 


Block diagrams consist of unidirectional, operational blocks that represent the transfer 
function of the-variables of interest. 


The block diagram representation of a given system often can be reduced to a simplified i 
block diagram with fewer blocks than original diagram. 


* When multiple subsystems are interconnected, a few more schematic elements must be 
added to the block diagram. These new elements are summing junction and pickoff point. 


A signal may be taken from the output of a block and given to another block. This point 
from which the signal is tapped is known as pickoff point | 


G -b 
M | 
pick off point 





Symbol of a Sum Pick off point | 1 3 
— AC D 


— 
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Cloved loop system 


nick off point 


— C(s output 
Ris) yA a) H Te 


B(S) 





ore 


f ) 


G(s) = E ; Forwerd path transfer function. or plant transfer function 


H(s) = eM, Transfer function of the feedback element: 


where,  R(s) Reference input or desired output 
C(s); Output or controlled variable 
B(s}; Feedback signal 
E(s); Error signal 
G(s) H(s); Loop transfer function 





This closed loop system can be replaced by a single block by finding the transfer function A5 









R(s) 
C(s) = G(s} Els) 
E(s) = R(s) + B(s) 
= R(s) + H(s) C(s) 
C(s) = G(s) [R(s) + H(s) C(s)] 
C(s) [1 x G(s) H(s)] = G(s) R(s) 
c9. o N 
R(s) 1+ G(s) H(s) 
This transfer function can be represented by single block as shown in figure below 
1 #G(S)H(S) 
A.J.A Y tE Fall 2012 e 
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(Note: if the feedb: ask signi: 
positive feedback, 
input, the feedback 


For the most common case o^ neo 


Original Block Diagram 


TT varese sis mr m aem cape 


g Purr uos Somme. C 
AAA. 
——ÁÀ e o & esr mtm 

























AJA 


| 1s addec 
'n the other han i 





Addition or 
(climinating auxiliary 






point ahead of block 


‘ne reference input the "fenes ici is said to be 


‘+S said to be nee: live feedback). 


H the feedback : signal is subtracted from the reference 
vative feedback. 
C(s; Gs) 


a 
“Wi 
a 


¡+ G(s) H(s) H(s) 


agram Reduction Manipulation 





Modi ied Block Diagram: 


Taun 
om 


}? . : gam E es Es 
del ea | C163 LE 
f e 














Manipulation 


A e nc 






Cascaded ciements 






—— ÀÉ—— —  — M 






«ubtractton 







E I rs +G. EG J^ 2 pS 
forward path) 












——— — —— 


Shifting of pickoff 
point ahead of block 


C—— Amt OO umso cap 


Shifting of pickoff 
point behind block 


Shifting summing 







Shifting summing 
point behind block 






Removing H from 
feedback path 












Eliminating 
feedback path 
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^ 
t 


da dios r^ AA rd 
^«he system usi block Gag educuon technio :z. 
Find 4 i. transfer foocion of the system: using block diagram reagus chni 
Find the over: trans veciuon 9i > 





<-> 


L fü 


` 


Step 1: the feedback loop with G, and H, is replaced by 2 single block 





Step 3 : Finally, the loop is replaced by a single block 


R(s) 





The transfer function. can be simplified as, 


ORUM S NEN 
R(S) 1+G.H, * G1G;H, 


A.]. A 


A 0 
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SY ( E ae ‘ ee à Cu d^ . ~ 
EX. Obten the overall transfe: 'unction of tie syste 


shown in figure below 





e——Á =” 





G, j-—- d G | 





Step i: Moving the pick off point (2) to the right of block G, and combining blocks G, and G, ix 
cascade, we have, 





we have, 


Step 3 : Absorbing the loop with G, G, and H,, and combining it with block G, in cascade, 
R(s) 


C(s) 





Fall 2012 


K— —À 


Page 108 


Scanned by CamScanner 





US E - * Y h 4 1 C t p art AO i ` 
Step 4: iv the closed loop 15 absurucd gig i 








Da | —— = pee e a o 
- Q1 98,0). (Hy + Hao) 
1+G,G;H; 2G; 





A 





The transfer function of the system is, 


tu simplified block 1s given 





FX. Obtain the overall transfer function of the system shown in figure below 





Step 1 : Move pick off point (2) to left of G, and cczubine G, G, in cascade. Further G, G, and 


G, have same inputs and the outputs are added at summer III. Hence they can be added and 


represented by a single block as shown 





R(s) 





C(s) 
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CE 3 s > yxy 1 . » s 7 
HE 2 a TA o3orbing loo; With) ff i. G 




















| b ei, GAG, G, -G 
Res) ~$- —X E re 7 : NE i a PCs) 
GH | 
t. a E am AP, +f 
G.G. «C d 
Ine transier function of the system is 
_ G (GG, «C. } -| » 
Rs) -—_— A Cis) 
pI +H (G G; + aH GG, | 
ie citi RR 
Key Commands (MATALDB): 
Parallel series feedback ¿ppend connect minreal 


Ex: 
Reduce each of the block diagrams shown in the following figures to a single transfer function using 
MATLAB. 


R(s ) & PS e Y s) 1 . 
m | | | Gi(s)- ——,  G2(s)— 
ut (s) S+1 5) s+5 


1 1 
A fe ¡BASS 


gn * 










At 
.» 








Gl-tf([ 1],[1 11) $G1-1/s-i 
G2-tf([1 O],[1 5]) %G2=s/s+5 
Hi-tf(1,[1 0]) $H1-1/s 

H2-tf([1],[1 00] 5$H2-1/s^2 


Gl-tf([ 1],[1 1]) $G1=1/s+l 
G2=tf ([1 0], [1 5]) SG2=s/st+5 
H1=tf(1,[1 0]) $H1-1/s 
H2-tf(I[1],[1 00 1] %H2=1/s*2 
G= Gi*G2 

H= H1*H2 

Ge= G/(14G*H) 

minreal (Ge) 






G= series (G1,G2) 

H=series (H1,H2) 

Ge= feedback (G,H) 

minreal (Ge) 

—— gc es 







Transfer function: 


Å- — — — — oe ee ee quu ami "AP Hu ve cu et Se S LR 


S^4 + 6 8^3 + 5 3^2 + 1.11e-016 8 +1 
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, - 
t: 


Ex reduce the block diagram shown | figure below to 4 single transfer runc: (S) = 





"(s / R(s). Tse the following methods. 


\ 


F 
/ 
Block diagram reduction. b- MATLAB. 





Cis) 
fon 


b. 
Multiply the blocks in the forward path and apply the feedback formula to get, 
__50(s-2) 
T(s) = < s-2 
s?+s*+150s-100 
MATLAB code | 
clc 
G1=t£(1,{1 00 I1] & G1 = 1/s2 
G2-tf(50,[1 1]) $ G2 = 50/s2+1 Transfer function: 
H2-tf(2,I[1 01) $ H2=2/s 50 s - 100 
G2=feedback (G2,H2) % G2/(1+G2H2) | | | --------------.-------- 
G3- tf([1 01,1) $ G3 =s au a ic ls <a 
H3 =2; | $ H3 = 2 
G3= parallel (G3,-H3) %G3=G3-H3 ! 
^ G4= series(G1,G2); % Gl * G2 
G5= series (G3,G4); % G3 * G4 
T= feedback (G5,1) $ G5/(1-4G5) 
minreal (T) 
AA SÓ 
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E 
» 


(iu deriving Mputls fòr f 





crive Cyis} {Rifts}. Cure 
5 45], iS) AE FR fs “ae à 
a LA }, eK" 3 ; Lats )/ t Sd, and Cf 4 } [Rits }. 


. Z^ Ase — å 
ls), assume that Ras) 5 Zero, and vice voces. 1 


va Mf, uns acid 
4 "mes ; 
G o 





C; = OR, - GC.) (3-93) 
C3 = GR, - G,Ci) 3-94) 
By substituting Equation (3-94) into Equation (3-93), we obtain 
C, = GR, - GGR, — G:C] (3-95) 
By substitu: ig Equation (3-93) into Equation (3-94), we get 
€; = GR; — G.G,(R, — G5C;)] (3-96) 
Solving Equation (3-95) for C,, we obtain 


= Gi Rı = G,G4G4R; 








l C: = 71-7 GGG (3-97) 
Solving Equation (3-96) for C; gives 
—G,G,G,R, + GR, 4 
a" 771 — 6,6; 6,8, p 
G; a G, G3Ga4 
Ca A 41 G2G4 Ga Ra 
a G,G,G,G, Ee G,G;G4G4 
la, Os C NCC QE MEE NN 
Ri{s) 1 — G,G,03G4 R2(s) 1 — G,G;CG4G, 
Cats) E s, ie G,4,G,5G4 C(s) E. G; 
Ri(s) 1 — GGG Ra(s) i — G1G;G4G4 
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*Iternative to biock diagram. | 
- Consists only branches ares and nodes (signais) 





RU Bra taneñes > rg eS Odes: = 
—P 9 | pF I 
| G(s) | | O | 
-=| | P | 
DA  ————À 
- ^ signal Si, traveling along a branch between nodes a, and b; is muitiplied by the 
gain of that branch 
a, ç O 
f. = st 
Qe an —) 


! val IS, 


bj - ik a. 


Converting 1 ;ommon Block Diagrams to Signal-Flow Graphs 
i- Series 
AG Cis) = 


Boy PIE Kano) chien E G.()6,G)RU) > C3G6)6 4:1, GMW) 
EN Gaty) Gyo H 


Gi) — Gs) — Gi) 


590 O O QCtst RG510—M—QO——O- 0 Cn 


V1) Uu) V3 Vite) 






2- Parallel 


XqGs) = R(3)G) 










CU) = [3G,(5) £ Gols) € GIRIS) 
dud naut. oi RIA RR 


Vs) 


RIO Q Oc 


149) 


Q 


Vi vb 
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3- Peedhack 


Es) + (5) j 
input X> j men 
2 i | | Ox pat 
OPENS | Hs) |7- -m 
2 ol 
Cer ect 
l HS) 
Had O Oc La erra i Y] 
Eto) FUN aa 
Ha) 


& Å » 
i i 1 S d LI 
t —— > Oo A>O Is o YA) 
i \ 2 Vs 1 y V. 
(ad 
da 
94t9 
3, 
(b) 





> Va an Va Sy MH 

ET $52 s $5 Sy 
——QÓ 
y 1 Va Va Y, Y, Y, 





(1) series rule 


(2) parallel rule 


(3) self-loop rule 


(4) splitting rule 





PP — ey -e 
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Ex Convert the block diagram of figure below to a sic al-flow grape. 








d * 
Mn 


mah d 


-— Jin N 
~ 








A Ela OO (Da CD e “as a 
Sra E al o ES il E = hd WM UU "ue 1 x 
A A RA A E XLI Yi 
Misc - sid ALA > m, 
+ (2) (3) 
Sr” e 
| | | uae 
Mind sued EE. ba 1 
[D C 
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Ux? Convert the follow; de m 


| $ [~ 
> Na ( V 3 
mn enda = 








o ene $  — 
31*) 
Draw nodes. 
fS) iN (x) N+ (s) NCS) NA (5) Cs) 
O O O o O ©) 
Ns (S) Ne (5) 
O O 
Ny (5) 
O 
Connect nodes and label subsystems. 
-l 
par 
- ~ 


No A 
x 





C (.5) 
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FT] 
^11 


OWIN2 







ete e TT age E > = 
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Ex Co srt the block 


atagram of figure below to a sienal-flow graph. 



















C! 
Draw the signal nodes 
O O O $ e O O Cu 
a ! Xr nu i 
O O y 
nterconnect the signal nodes with system branches 
Gi») 
Ris) GO 
HG) 
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I M" 
i Ííason's Rule | o 
We diserssed how te reduce bloc). diagrams to sing. ausfer functions. Now wa are roody to 
[ue m > - - 1 m HÀ i5 ro 
single transfer functions thal relaic the 


discuss u technique for reducing signal-flow graphs ic. 
cutput of a system to its input. 
he transfer function, C(sYR(s), of a system representeo Dy a 


sianal-flow graph is | 


A —À A A RÀ —À mÀ— © - = 


Iis da Ph. 





b s rr , ' t 
| B ^ ^B A ¿Jete Fri pude 
( ($) pore E] = — l , , 0 $ Th 
| AUS. A / ha: k ; Colo el cY of Iv e Pa 1 t K 
Een, de thy lo: ype ¡+ te alta Patt, K 
a k= number of forward path n f 
) ie na y e 


Q Tk -the kth forward path gain 
a A=1- (“loop gains) + (X: non-touching loop gains iaken two at a 
time) — € non-touching loop gains taken three ata time). 


c Ak = 1 — (ioop-gain which does not touch the forward path) 


Miason’s Rule — definitions 


0 = Loop gain — the product of branch gains found by traversing a 
path that starts at a node and ends at the same node 





G(s) . 


Gals)’ 
RUYA — 






y 


LE GAS LS) L2. G,(s)H,(s) 
L3. G,(s)G,(S) H,(s) 14 G,(s)Go(s)45(5) 


« Forward path — the product of gains found by traversing a path 
from the input node to the output node of the signal-flow graph 


de 









Gis) 
hy) eee” 


Hals) 
F1—  G(s)G,(G)6,()G4G)G, G)G, (s) 
F2— G,(s)G,(s)G,(5)G,(5)G,(s)G,(s) Y 


v 
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E a 
» 


ky Mart oom | 
E (Ol CINCO tc — 100 + 
- | > TT NE SU us A OS h Cf Mc . 
common PS thal do not have any nodes in 
‘on the 
«OTt 3 ioo 


S © gain - The product of ins i 
Saget es ac ‘loop gains trom 
ion-tor shing loops taken two, three, four, or more aia time. 
eat Gols) 


VES (; £3 : on qd 5 i i X 
TT 4 a Lad. a 3 a ) s G N E e, V fu ; 
Lay } (ee aA Hem od oN 3A J Gls ) E O5( EF 3 G(s) 


m ) C C 


Ps) j Vis) 





wer 
P H i(s) 
R 

NTH. [G (OFN) 

NT2. IG. C) H CY), (G(s) RO] 

NT3. [GH Go IG G) G6. (SH, (5) 


EX. 


Using Mason's rule, find the transfer function, T(s) = C(s)/R(s), for the system represented in 
figure below. 


Pl= G1G;G4G4 
L1=-1 
L2-—-G4G3G4 
L3 =-G 3G 4 
L4=-G, 





A = I-( LitLzHLyHL4) +(LiLs + LiLa) = 1 - (-1 -8;8:8, -G4G; -G4)*( G3G4* G4) 
A=2+ GG ¿Ga +2G3G,4 T2G4 








Al- 1-0 
| Cosy - PA. G1G2G3G4 
Ts) = = — 
R(s) A 2+ G2G3G4 + 2G3G4 +42G4 
AJA 
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E re 
ic! 
c si) MaSon's yule hid TF 
o ii , j i 
e Pas Gnnechwea +e. inPut Rts) ane ePi ( (s) d 
R = © Cy E; C 
P ES" Es Er Ey 


L- EH 

L, - & Hs 
La kx He 
Le a Que 





Ty: BD + Pde 
A 


A E Le CLislaa L4 xm) LL; -+ LLy + MTS 


i 3 7 í, 4 t 
ES — > Re D) ov wen t m P dE tal, Pa UN 1. -Í se wey į N 


ay hi ow, ba ted 


AM SE L im (Ls -4 Ly ) 


Que 
e 
e 

Pi 


Disa Removios Be loos Had dowel. Mi 
C Lz : La =e ) 
Si - 4. at: Ly +L) 


4 Tos hi Pda 
PAN | 





= ^ 
= : : 
a A Fe elt ÓN 4 ni 
ra "an i Nec. Y. Senne tite a^te o 
ELA > A 2 r 


Pr a 
Cl x, m “y 
» ^^. F “4 erro ys ` 
^ ‘ ‘ T wea ud EE EA e rnm ver 
E eg E re o a MP n C2 LR Tdi. AAA wert -—— ^; b aa ia en e 
^ > ES, i. ori pal" PAS A peu A ANA A NG . on 
é ARA > " , 
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Using iviston ie, find 
L r , , j ‘ $ Or ui í ^ è 
| n?* ie, find the transfer function * 


Á Q = 4 La fm . A " ad situe "TP 
neuro below 5) = C(MR(s; ior the system rer -sented 
e Va i 


pa 
ST S Ge 

N bsc 

= — " 

(. ^ "x B 

- — > f j r E 

DEN a m : ma = pal 3 ec C, se C o o 
Nf N tm -- - litis citta A Es E "TN ó y br rl 

= S d roo $e AM — n -— o ——- ——À à "sS 


the forward paths are 
Py GUGXGSGGGsGs P47 G(G;G;G. P3= G1GO;G48$ 
The feedback loops ar: 
L,7 Auch La -G5GHij L3 -GgH, Ly= -G;H3G» 
Ls= -Ga Le= -G1G2G;G4G5G,H; L-= -G1G3G;G$H; 


Lo= -G iG5GsG40$ HS 


Loop L; does not touch loop Ly or Loop7, and loop L5 does not touch loop La, but a!! other 
loops touch. Therefore the determinate is 


A = d- (Lá +L5+L3+L,t+L5t+Le+L7+L)+( LsL7+Ls5L4 + L3L4) 


The cofactors are . 


Aq A37 ] and A= 1 -L5 = |+ G4H4 
Finally, the transfer function is 


C(s) P4 A, +P.» Ar + P3 Az 


R(s) A 





T(s) = 


^ 


G———————————————————————————————Á 
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è n es Ces » 4 145 1 18 
Sienal-Flow Graphs of state Ke ua tio) 
at equation ©: 


Draw a signal-1low graph for the toliowing state and Oti 


EX. 


0 (0 
x1 loir 
14 


={0 1 Ol]x 


-3 —4 5 
The state equations are, 
> Á har . e 
2X,+X x, a-i ` 1-4 5A, 4r 
y = t 
Drawing the signal-flow diagram from the state equation. yields 
] 
a, 
1 l an = 
f 1 ^ i 1 s m 3 1 $ ^. y 
OO oe pre O 
— i 
J 


ee Se Se a ee eS i c c eee 9A eS — Y GE SS cos See le OOS HAS E Ge Se on — 
GAMES me bees tems eR m d M— I coc m ctt cm oe ee ee 
— — e —— |] ee — — — 


EX. Draw a signal-flow graph for the foilowing state and output equations: 


T i © 1 
x= |-3 2-1li|x-c i2|r 
-1 0 2 1 
[1 3 2]x 


+ == 


X= +X +P x, =-3x + 2%, —x, +2r 
‘— af ? . 
y= xX, t+3x, +22; 


A, ew dX +F 
s NE Nes UN 


HA ( 
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t- Phase Variable Rori, 


m ! 
(Ss) = | Ü 
Rs) Om pu 
5) * 24s 4190164 504 
45 oe ” 
C tet 191e-- 504c — LG) 
Let. C= 
C — X 
Cr 
therefore, 
Aime Vy 
y = V3 


x, =-504x, —191x, — 24x, +10r 


0 1 0 0 
x| 0 o $ix-c-loilr 
—504 —191 -24 10 


If 


[1 


O Olx 
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X . — — 77 Y | 40 i Y 
«r^ b. ii | isi E. | 5193 
"A 
2- £ useaded Form 
foo 10 IQ u , 
ar. d 3 = - 5 -" Pee = ( — ) 1 — T ) ar j 
SG) 4+ 745° +1915 4-504 St) FTO SU 
1 > | H LI 
i 10 S po^ = |! + 
> tp perc 9 ipi n ee Or -O 
X $ eee 
Therefor.. 
x 9x, 4 
X, = - SX, d 
Xj ——7x, +10r 
"ik 


3- Parallel Form 


C(s) | 10 


~ s3 +245? +191s+504 s47 548 579 


p. - 2 H TE 





= G(s 
R(s) (s) 
X1 = PX +5r 
X2 = —8x; — 10r 
- X3 — —9x3 + 5r 


y = x1 t x2 + X3 





xm g 0 De 
t x! 0 —8 0 jx+ |[-—10|r > 
0 0 -9 5 | 
| y={1 1 1lx 
t- Fa elu is a Wr is diff res Wek d, Jes i$ ong ove Umit- 
3. Th Aus hing re Sa dv be de Guplel . 
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Orden o i y 
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CL = CCS) y S 458547 
e ERE i o. A Wo, Py 
(LC) e i $ 8 y oe y 24 
"— = 
| M | 0 ld | (e 
"nd 1 
t i y e l X4 O 
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r -1$ a . Y. í 
LU y A 
- 
M y [ 4 G | Xi 
i Y 2 
: 4^7 H | | TEPPET "i 
FG Fra Vale in Foust oro Nici 
Xa e ; " - f 
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Ts L X, 
X, ^ 23 -3 Fx Ki | 
1 | 0 o Ay | «1 8 
" = 4 g 
o 
^ pu 
Xy 
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I- For the following Systems :- 


) 
ee 


duce the b] 
» ock diagram in figures clow to a single transfer function TI ) 
aie & Signal. ave : Sier junction F(s} C(syR(s 
- Using Mason's rul pp Mr feb ok diagranis shown in the 'ollowing figures. T 
c S rule, find the e wansfer func tion T(s)- C(s) 
E S)= Us K(S) trom SFG represented in part 


P 
Ve he 
- 1) 


Case I 





I 
a » - ee ( 
———( \ ) is : fee * 
n» HK | > pos 
A y i E i | i 
——Àá De xe 
.] 
I á 
real] 
(case 2 
Ar 
AAA 
E AOS v — i 
: Ee a : C 
AR e + -= 31 —— $ (E i G> = a | 


| ow ud T Bp e PO 
[ | 


Case 3 
— 





2- Repeat case 2and 3 to find transfer function using MATLAB if 








1 10 
Gi(s) - ——, G2(s)=—— , G3())- —— Gas) - +1 
! s+1 s (s) s45 PIS T 
i 1 
H1(s)-2  , H2(s) = — = 
ye H3(s) = s 
A.J.A Fall 2012 Page 125 





Scanned by CamScanner 


